230 years BP . Wood collected from a depthof 4 mjust above the thaw unconformity near Tuktoyaktuk, N.W. T. has been dated at 99 80 ± 140 years BP (Fukuda (1975), p. 78, Gak-5433) . Other dates could be cited.
The maximum depth of thaw can also be inde pendently estimated by the sizes of relic ice wedges whose upper portions were thawed during the warm period and whose lower portions lie pre served beneath the thaw unconformity (Mackay 1975) .
Abundant field evidence indicates a maximum thaw depth of only a few metres.
Conclusion
The preservation of both icy Pleistocene sedi ments and the lower portions of relic ice wedges beneath a widespread thaw unconformity within 60 km of site 3 of Delorme et al. (1977) suggests a maximum postglacial thaw of only a few metres. Permafrost has then been present, along the west ern Arctic Coast, throughout postglacial time. Therefore mean annual ground temperatures have not risen above O°C except for very brief periods measurable only in years, not centuries. As present mean annual air temperatures in Canada tend to be several degrees colder than mean annual ground temperatures, it seems probable that mean annual air temperatures were several degrees below O°C during the postulated warm interval 14410 -6820 years BP. 1977) . His reasoning follows three lines: the calcu lated depth of thaw, the occurrence of relict per mafrost and an observed thaw unconformity along the western Arctic coast.
In the paleoclimatic reconstruction, mean annual air temperatures were given as ranges between possible maximum and minimum values, and a mean value (Delorme et al. 1977 , Tables 6-8) for each sample representing a particular time and place. The mean value is the best estimate of the parameter. The range that may be as large as 16.9°e (sample 1-3) or as small as 3. 2°e (sample 2-3) repre sents the mean annual air temperature of the mod ern analogue locations of the fossil assemblages. If the lower limits of the ranges were taken, the mean annual air temperatures at all sites would be less than oDe. It is known from modern analogues that the fossil invertebrate and plant assemblages could � olerate such temperatures. However, the probabil Ity of below ooe for these sites at the times indicated is rather low.
Climatic conditions which influence the forma ti <; m and preservation of permafrost are complex. Air temperature alone does not determine the pres ence of permafrost near its southern limit; such parameters as early heavy snowfall altitude and latitude may prevent its development ' (Brown 1960 (Brown , 1967 . Small lenses of permafrost occur in peat lands .
where the regional mean annual air tempera ture IS around ooe (Zoltai 1971) . Isolated occur rences of permafrost also occur where the mean annual air temperature is above ooe such as Sas katchewan and Alberta (Brown 1967) . Thus, per mafrost can be preserved in certain localities in areas where the mean annual air temperature is near oDe.
The glacially deformed icy beds are estimated to be much older than 40 000 years (Mackay et ai.
1972), having been overridden by glaciers during an
early Wisconsin or an even earlier event. These relict icy beds have been preserved for tens of thousands of years, including at least one intersta dial, or perhaps even an interglacial warm period. It has been estimated (Mackay et at. 1972 ) that the mean annual ground temperature has not risen more than 7-lOoe above present values. If this was in response to corresponding increases in air tem peratures, the mean annual air temperature would have been between -3. 7 and -0. 7°e at Tuktoyak tuk. Thus the glacially deformed icy beds survived temperatures comparable to the lower range of the estimate made by Delorme et at. (1977) .
The glacially deformed high ice content beds were reported only from the Arctic coast (Mackay 1971; Mackay et at. 1972) , and not from inland where most of the frozen strata are undisturbed (Mackay 1971) . Such undisturbed frozen strata c �)l lid devel � p only after the sediments were depo sIted by glacIers, that is, after glaciation. Two of the sites (1 and 2, Delorme et ai. 1977) were exposed by the thawing of such icy beds. We therefore contend that the glacially disturbed and undisturbed high ice content strata must be of different ages. It is possi ble that the glacially deformed icy beds were preserved only near the Arctic coast where local cli mate was different from inland areas. Here the depth of thaw was up to 5 m (Mackay 1978) over relict frozen beds in a regional climate where the mean annual air temperature was a few degrees below ooe but was exposed to strong Arctic maritime influences.
Conclusions
The discussion by Mackay (1978) points out that the mean value of site 3 of 0. 8°e for the estimated mean annual air temperature was too high for the complete preservation of permafrost. This is in agreement with the statement made by Delorme et at. (1977, p. 2044 ) that" ... the thaw layer must have become fairly deep, and that some permafrost would have disappeared." Although field evidence for the existence of widespread permafrost at this time is lacking, it is likely that the mean annual air temperatures were in the lower part of the range (-0.4°C) as given by Delorme et at. (1977) . This would place the site in a discontinuous permafrost zone where the already existing permafrost could have been preserved, especially in exposed coastal areas, and additional permafrost could have de veloped in peatlands.
The discussion points out two problems in inter preting quantitative paleoclimatic interpretations. Firstly, the interpretations are valid only for the immediate site and should not be transposed to other areas (Delorme et at. 1977 (Delorme et at. , p. 2035 
